Much attention has been given to cell differentiation inducers as a new type of antitumor agent. In the course of our investigation on the screening of cell differentiation inducing compounds from botanical sources, many kinds of cell differentiation inducing compounds, such as lignoids, 1) diterpenoids, 2) triterpenoids, 3) flavonoids 4) and steroids 5-7) have been isolated. The methanol extract of the aerial parts of Withania somnifera L. (DUN.) (Solanaceae) also showed potent cell differentiation inducing activity against mouse myeloid leukemia (M1) cells. 8) W. somnifera is well known as a folk medicine and to afford withanolides, which are steroidal derivatives having a characteristic partial structure in the A,B-ring part and the side chain of d-lactone. To date more than 40 withanolides have been isolated from W. somnifera.
A, 22) respectively. Compounds 9-11 showed the presence of the same A,B-ring part, having a 1a,3b-dihydroxy-5-ene residue, and their structures were established to be (20R,22R)-1a ,3b ,20b -trihydroxy-witha-5,24-dienolide, 24) pubesenolide, 5) and physagulin D, 26) respectively. Compounds 12 and 13 were identified as ixocarpanolide 27) and 6a-chloro-5b-hydroxywithaferin A, 28) respectively. The molecular formula of compound 14 was determined to be C 28 8, 125.5) . The signal pattern was almost the same as that of 13. From these data, the structure of 14 was deduced to be (20S,22R)-4b,5b, 6a,27-tetrahydroxy-1-oxo-with-2,24-dienolide. The stereochemistry of the hydroxyl group at C-6 was determined to be a-equatorial from the coupling constants of H- H correlation spectroscopy (COSY) of 15, the presence of an A,B-ring unit having a 4b-hydroxy-3b-methoxy-5b,6b-epoxy-1-one structure and side chain moiety having a hydroxyl group at C-20 and a nonconjugated d-lactone were indicated. The identical 13 C-NMR chemical shifts of the d-lactone moiety of 15 with those of 3 indicated that 15 had the same structure, including stereochemistry, as that of 3. The position of the methoxy group was confirmed by difference nuclear Overhauser effect (NOE), in which irradiation at the methoxy group gave correlations with H-3 and H-4, and irradiation at H-2a and H-4 gave correlation with the methoxyl group. The structure of The connected position of the first glucopyranosyl moiety was determined to be at C-3 from the glycosylation shift of C-3 (ϩD7.9 ppm) compared with that of 10. The position of the second glucopyranosyl moiety was determined to be at C-6 of the first glucopyra- The CD spectra of the sixteen withanolides were measured and the data are shown in Fig. 2 . The 4b-hydroxy-5b,6b-epoxy-2-en-1-one structure of the A,B-ring part gave a positive Cotton effect at 340 nm based on the n→p* transition of an a,b-unsaturated ketone. The a,b-unsaturated d-lactone having a 22R configuration gave a strong positive Cotton effect at 250 nm based on the n→p* transition of the a,b-unsaturated d-lactone. The 3b,4b-dihydroxy-5b,6b-epoxy-1-one structure gave a strong Cotton effect at 290 nm based on the non-conjugated ketone, and the 5a-hydroxy-6a,7a-epoxy-2-en-1-one structure gave a negative Cotton effect at 340 nm based the on n→p* transition of an a,b-unsaturated ketone. The 4b,5b-dihydroxy-2-en-1-one structure gave no Cotton effect. These CD data should be useful for further discussions of the stereochemistry of withanolides.
Ten of these compounds, 1-4, 6-10 and 14, were examined for their cell differentiation inducing activity against M1 cells. The activity was determined by observation of the inducibility of phagocytosis of M1 cells according to reported methods, 3) and the results are shown in Table 3 . Of the tested isolates, compounds 1-4 showed very potent activity. Compound 3 showed the most potent activity and was more potent than dexamethasone used as a positive control. The active compounds 1-4 have the same 4b-hydroxy-5b,6b-epoxy-2-en-1-one A,B-ring structure, but different side chains. Compound 14, in which the 5b,6b-epoxy ring was opened to a 5,6-diol, showed a slight activity, and compounds 6-10, having different A,B-ring structures, showed weak activity. From these facts, the 4b-hydroxy-5b,6b-epoxy-2-en-1-one structure was regarded as essential for the activity, but 20-hydroxy group and the a,b-unsaturated d-lactone were not. The level of the cell differentiation inducing activity of 3 makes it one of the most active natural products from plant sources.
3-Methoxy derivatives, 6 and 15, were assumed to be MeOH adducts of 1 and 3, respectively, because of the treatment with MeOH in the process of extraction and purifica- tion of these compounds.
22)

Experimental
General Procedures 1 H-NMR and 13 C-NMR were measured with a JEOL GSX-500 FT NMR spectrometer, and the chemical shifts are given in ppm from TMS as an internal standard. FAB-MS were recorded on a JEOL JMX-SX-102 mass spectrometer using m-nitrobenzyl alcohol as a matrix. UV spectra were recorded with a Hitachi U3410 spectrometer. CD spectra were recorded on a JASCO J-20A spectropolarimeter. HPLC was carried out on a YMC ODS-7 packed column using an acetonitrile-water solvent system monitored at 210 nm.
Plant Material and Isolation Seeds of W. somnifera were obtained from Tsukuba Medicinal Plants Research Center of the National Institutes of Health Sciences, and were cultivated at the Medicinal Plant Garden of the University of Shizuoka. The plants were harvested in November, 1992. Their aerial parts (4 kg) were extracted with MeOH under reflux to give a MeOH extract (640 g), which was fractionated between AcOEt and water to give an AcOEt soluble fraction (220 g) and an aqueous layer. The aqueous layer was extracted with n-BuOH to give a n-BuOH-soluble fraction (70 g). The AcOEt-soluble fraction showed potent cell differentiation inducing activity and was chromatographed on a silica gel column using a CHCl 3 -MeOH gradient solvent system to give 8 combined fractions, fractions 1-8, according to their TLC patterns. Fraction 2 (30 g) was chromatographed on a silica gel column using a hexane-AcOEt solvent system and HPLC, successively using an ODS column (YMC Co. Ltd.) and a CH 3 1 H-NMR data in Table 1 . 13 C-NMR data in Table 2 . CD data in Fig. 2. (20R,22R,24S,25R)-4b ,20b -Dihydroxy-5b ,6b -epoxy-3b -methoxy-1-oxowithanolide (15) 1 H-NMR data in Table 1 . 13 C-NMR data in Table 2 . CD data in Fig. 2 . Table 1 . 13 C-NMR data in Table 2 . CD data in Fig. 2 .
Measurement of Phagocytosis Experiments for cell differentiation inducing activity were carried out by measuring the inducibility of phagocytosis according to a reported method.
3) Cells were cultured at a concentration of 2ϫ10 5 cells/ml into culture medium (2 ml) and incubated with 20 ml sample solution diluted with ethanol. After 48 h, the cells were washed and incubated for 4 h with a suspension of polystyrene latex particles (2 ml/ml serum free medium). Then the cells were washed thoroughly 3 or 4 times with phosphate buffered saline and the percentage of phagocytic cells was determined.
